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Abstract. We briefly review the theoretical predictions for the production of the Higgs boson
at the LHC and for its decay channels. In particular we focus our attention on the radiative
corrections (QCD and electroweak) for the two most important production channels, gluon-fusion
and VBF, and for the decay in two photons and in ZZ/WW → 4f .
The Higgs mechanism for the electroweak symmetry breaking is the still untested part of the
Standard Model (SM). The search for the Higgs boson will be one of the most important goals
for the next generation of colliders. In particular, for the Large Hadron Collider of CERN (LHC),
where it will absorb a sizable part of its “discovery programme”, during the first years of running.
Direct searches and indirect theoretical limits constrain the possible values of the Higgs mass.
From one side, the measurements at LEP2 exclude at the 95% confidence level a SM Higgs boson
lighter than 114.4 GeV. From the other side, perturbative unitarity, triviality and fine-tuning tend
to exclude a heavy higgs and require the SM Higgs mass to be within the TeV scale. In extentions
of the SM, as for instance the MSSM, the situation is more complicated. Nevertheless, the lightest
MSSM Higgs boson, for instance, is required to have a mass ranging between 91 and 148 GeV.
For the CP-odd MSSM Higgs boson mass, direct serches put a lower bound of 92 GeV, while no
upper limits are theoretically required . Finally, for the other MSSM Higgs degrees of freedom
the parameter space can be spanned in full generality. However, it is clear that a crucial mass
range to be investigated is the one in which 100 GeV < mH < 1 TeV. The search of the Higgs
boson at the LHC has, therefore, to be supported by an accurate theoretical knowledge of the
production cross sections, the decay modes, and the important background processes in this range
(for a general review see Ref. [1]).
Due to the gluon luminosity, the main production mechanism for a scalar Higgs boson at the
LHC is the gluon fusion (gg → H). Its cross section is one order of magnitude bigger then the
one of the following important production mechanism, the VBF, all over the range of interesting
values of the mass of the Higgs. Higgs production in association with heavy quarks and with
vector bosons [2] complete the description at the LHC.
Combined with the decay mode H → γγ, gluon fusion provides a perfect tool for the possible
detection of the Higgs boson in the range of masses between 110 and 150 GeV. H → WW →
l+l−νν¯ and H → ZZ → 4l are, instead, perfect candidates in the range mH ≥ 140GeV, with
H → WW → l+l−νν¯ particularly pronounced in the range 140GeV ≤ mH ≤ 180GeV, where its
branching ratio is close to one.
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In spite of the size of the cross section, gluon fusion is a process that starts at O(α2SGµ), i.e.
at the one-loop level. The Higgs boson, in fact, does not couple to gluons directly, but only via a
loop of heavy colored particles. This makes in such a way that this process has a high sensitivity
to the physics beyond the SM.
The first predictions for the production cross section of a SM Higgs boson by gluon fusion
was done in [3]. The calculation of the NLO QCD corrections was completed in the infinite mt
(mass of the top) limit in [4] and, successively, retaining the full dependence on the mass of the
heavy fermion that runs in the loops in [5]1. The total effect of the NLO QCD corrections is the
increase of the LO cross section by a factor 1.5–1.7, giving a residual renormalization/factorization
scale dependence of about 30%. The unexpected size of the NLO QCD radiative corrections,
that seam to spoil the validity of perturbation theory, comes in the same amount by the virtual
corrections and the real radiation. For the latter, note that parton distribution functions are
strongly suppressed in the region where the partonic c.m. energy, sˆ, approaches the hadronic
one, s. This means that the bulk of the corrections come from the “soft” region sˆ/s ≪ 1, and
in particular from values of sˆ close to mH . In this region of the kinematic variables, the hard
radiation is suppressed, while the soft radiation is logarithmically enhanced, giving a sizable effect.
The governance of the dynamics by the soft region is also the reason that lies behind the validity
of the corrections in the infinite mt approximation. This approximation should be valid in the
Higgs mass range mH ≤ 340 GeV, i.e. below the top threshold. Nevertheless, it has been shown
that, if we multiply the LO cross section, in which the full dependence on the fermion masses is
retained, by the K factor of the effective theory, the approximation is valid (up to less that 10%)
also for values of mH beyond the top threshold, and up to masses of O(1TeV) [7]. In fact, long-
wavelength gluons do not resolve the loop dynamics and the difference between a point-like vertex
and a loop with a massive particle is not so crucial anymore. The success of the effective theory,
motivated the calculation of the NNLO QCD perturbative corrections in the infinite mt limit [8].
The calculation shows a good convergence of the perturbative series. The NNLO corrections are
sizable, but, nevertheless, smaller that the NLO ones. Moreover, the QCD bands of variation of
the renormalization/factorization scale overlap with the ones of the NLO calculation. The NNLO
corrections enhance the cross section of an additional 15% (with respect to the NLO corrections).
Moreover, they improve the stability against renormalization/factorization scale variations. The
effect due to the resummation of soft-gluon radiation at the NNLL accuracy has been evaluated
in [9]. Besides an additional enhancement of the cross section of the order of some percents (up to
6%), the effect mainly lies in a strong reduction of the scale dependence. The remaining theoretical
uncertainty, due to higher-order QCD corrections, has been estimated to be smaller than 10%.
This estimate was confirmed recently by the NNNLO calculation of [10].
Because of the high accuracy reached in the evaluation of the QCD corrections, also the
electroweak NLO corrections to gluon fusion were recently taken into account. In [11] they were
evaluated in the infinite mt limit, giving a correction of less than 1%. In [12] the contribution
coming from Feynman diagrams with a closed loop of light fermions were calculated in a closed
analytic form, expressing the formulas in terms of generalized harmonic polylogarithms [13].
The calculation was done diagrammatically, using the Laporta algorithm [14], for the reduction
of the Feynman diagrams to a set of few independent scalar integrals (Master Integrals), and
the differential equations method [15] for their analytical evaluation [16] (the calculation was
implemented in FORM [17] codes). It turns out that the light-fermion corrections are quite
sizeable. In particular, in the intermediate Higgs mass range, from 114 GeV up the the 2mW
threshold, these corrections increase the LO cross section by an amount of 4 to 9%. For larger
values of the mass of the Higgs, mH > 2mW , they change sign and reduce the LO cross section;
however, in this region the light-fermion corrections are quite small, reaching at most a -2%. In
1 The two-loop calculation was confirmed in [6]
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[18], also the remaining electroweak corrections due to the top quark were calculated as a Taylor
expansion in m2H/(4m
2
W ). They are valid for mH ≤ 2mW , range in which they have opposite sign
with respect to the light-fermion corrections. However, the corrections due to the top quark are
smaller in size, reaching at most a 15% of the light-quark ones.
Several efforts have been devoted to the calculation of radiative corrections (mainly QCD) to
less inclusive quantities, as the transverse momentum (qT ) distribution [19, 20] and the rapidity
distribution [22, 23, 21]. Finally, in [24, 25] two Monte Carlos that calculate fully-differential
distributions at the NNLO are presented. Also the predictions concerning Higgs boson production
in models of physics beyond the Standard Model were extensively studied in the literature, in
particular in the context of the MSSM [26].
The second important production mechanism at the LHC is the Higgs production in association
with two hard jets. It offers a promising discovery channel and a good tool for the determination of
the couplings of the Higgs to gauge bosons and fermions. This mechanism receives two dynamically
different contributions. The first one is of purely electroweak nature at the leading order and it
proceeds via vector boson fusion (VBF): the Higgs is produced by the annihilation of a pair of
W s or Zs, radiated by the incoming quarks. The second contribution mainly proceeds via strong
interactions: the Higgs boson is produced via a heavy quark loop, together with two energetic
partons [27]. The two processes lead to a completely different distribution of the two hard jets in
the final state: in the VBF the Higgs is produced together with two jets that tend to be forward-
backward directed, while in the second process the jets do not have a well defined distribution.
This makes in such a way that the VBF can be resolved over the background, and the second
production mechanism, imposing suitable cuts on the two jets [28]. A partial set of NLO QCD
corrections to the VBF can be found in [29]. Recently, the full set of NLO QCD and the EW
corrections, together with a full phenomenological analysis, was presented in [30]. The calculation
is done in a diagrammatic way. The tensor integrals are reduced to the scalar master integrals
via the Passarino-Veltman technique [31] for the 2-, 3- and 4-point functions, while for the 5-
point functions the Denner-Dittmaier procedure [32] is used. As a results, it turns out that the
electroweak corrections are of the same size of the QCD ones. For example, for the total cross
section the QCD corrections range between 0 and +5%, while the EW ones range between -5%
and +7%. Once the VBF cuts are applied, the QCD corrections change sign and vary between
-4% and -6%, while the EW corrections are more negative than without cuts. Finally, in [33] the
calculation of the dominant NLO QCD corrections to the Higgs production in association with
three jets via VBF is presented.
For what concerns the decay of the Higgs boson in two photons, H → γγ, this is a rare process.
The branching ratio is of the order of 10−3 for values of the mass of the Higgs that range between
110 and 150 GeV (the so-called intermediate mass range). Nevertheless, H → γγ is a channel
very clean from the experimental point of view, and, therefore, it will play a dominant role in the
search for the Higgs boson at the LHC. As in the case of the gluon-fusion, the Higgs boson does
not couple directly to photons. Therefore, H → γγ is a process that starts, already at the leading
order, with a one-loop calculation [34]. The QCD NLO (two-loop) corrections to the decay width
were calculated by several groups, in the heavy-quark mass limit and retaining the complete
dependence on the mass of the heavy particle that runs in the loops [35]. In [36, 12] also the
electroweak corrections were considered. The two-loop QCD corrections and the corresponding
two-loop electroweak corrections are almost of the same size (about 2%), but with different sign:
the QCD corrections increase the decay width, while the EW ones decrease it. The net result is
a substantial cancellation of the two-loop corrections in the range of Higgs masses important for
the consideration of this channel.
For mH > 150 GeV, the most important decay channels are H → WW → l
+l−νν¯ and
H → ZZ → 4l. H → WW → l+l−νν¯ is particularly relevant around the 2mW threshold, while
H → ZZ → 4l, the so-called “golden-plated” channel, is important in all the mass range, and
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it allows also a very accurate determination of the Higgs mass. The complete set of NLO QCD
and EW corrections to these two channels is known [37]. Very recently also the NNLO QCD
corrections to H →WW → lνlν were evaluated for a value of the Higgs mass of 165 GeV [38].
To conclude, the search for the Higgs boson is one of the most important programs of particle
physics in the near future. In order to address it, the Higgs production mechanisms and decay
processes have to be theoretically well under control, within the Standard Model of fundamental
interactions and also in different scenarios of new physics. In the last twenty years the theoretical
activity in the field was huge. In this proceeding we tried to mention briefly some of the main
contributions to the subject.
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